Strategies of males in harem-forming mammals may change depending on 2 variables, female group size and consequent ability of the harem male to monopolize copulations, and the relative costs and benefits of tolerating other males. We studied harems of 4-20 females associated with a dominant male in small groups of Artibeus jamaicensis (,14 females), and with dominant and subordinate males in large groups (.14 females). Dominant males displayed defensive behavior toward satellite males when they intruded into the roosting site. Small groups received the highest number of visits by satellite males, and dominant males did not display total defense of females. During the breeding season, females roosted in highly compacted clusters and dominant males were more active in their defensive behavior. Subordinate males were generally tolerated in harem groups and their presence reduced the number of adult male visits. Some young in large harem groups were sired by subordinate males, resulting in a genetic benefit for both dominant and subordinate males. Dominant males had the highest fitness in the large harem groups by sharing paternity with related subordinate males and by rejecting unrelated intruders.
Bats exhibit a great variety of social systems ranging from monogamy to polygyny (McCracken and Wilkinson 2000) . Most species of bats are polygynous and show characteristic patterns, includining a marked sexual dimorphism, only females caring for young, a structured age group, and males preventing intrusion from other males. Because of pregnancy and lactation, the bulk of the cost of rearing and feeding young falls on females, because male bats are not involved in caring for the young. Because of this, it is advantageous for males to attempt to mate with as many females as possible during the breeding season. Some exceptions exist (Jennions and Macdonald 1994) , but polygynous male bats maximize their fitness by fathering several offspring with many females (Dugatkin 1998) . In some species of bats (e.g., Peropteryx kappleri [Bradbury and Vehrencamp 1977] , Saccopteryx bilineata [Heckel and von Helversen 2002; Voigt et al. 2001] , Myotis bechsteinii [Kerth and Morf 2004] , and Carollia perspicillata [Williams 1986 ]) males compete to get dominance over rich territories where females aggregate to feed or to seek refuge from predators. These cases of resource-defense polygyny contrast with those in which females form cohesive groups that, from the perspective of males, constitute a resource that can be defended against other males.
The Jamaican fruit-eating bat (Artibeus jamaicensis) is widely distributed in the northern part of the Neotropics, from the western Pacific areas of Ecuador and Colombia to Central America, Caribbean islands, and the Pacific and Atlantic regions of Mexico (Larsen et al. 2007) . A. jamaicensis is one of the most common species, being highly abundant and very tolerant of a broad variety of environments (Medellín and Gaona 1999; Ortega and Castro-Arellano 2001) . The species can be found in a wide range of habitats, from tropical rain forests, tropical dry forests, and savannas to crop fields (Bernard and Fenton 2002; Fenton et al. 1992; Morrison 1979) . Also, A. jamaicensis roosts in an extensive diversity of sites, such as caves, hollow trees, leaves, and man-made sites (Foster and Timm 1976; Kunz and McCracken 1995; Morrison and Handley 1991) .
The Jamaican fruit-eating bat exhibits a reproductive cycle linked to the phenology of fruit (Wilson 1979; Wilson et al. 1991) . In the roosts, females exhibit a distinctive seasonal pattern with 2 peaks of parturition during the year (Wilson 1979) . On the roosting sites, females of this species form cohesive groups called harems that are very stable during the breeding seasons (Ortega and Arita 1999; Ortega and Maldonado 2006) . These groups are compact and easily defended by adult males, presenting the most frequently described mating system in mammals: polygyny. A. jamaicensis varies its mating system from resource-defense polygyny in hollow trees and leaf tents (Kunz and McCracken 1995; Morrison 1979) to female-defense polygyny in caves (Kunz et al. 1983; Ortega and Arita 1999) . Similar to other species of polygynous bats, A. jamaicensis is sexually dimorphic, with the males larger than females, and the young are reared and fed by females (Ortega and Arita 2000) .
The goal of this paper is to summarize the current understanding of the evolution of the mating system of A. jamaicensis when inhabiting caves. This article focuses on the strategies that males use to defend females and the most plausible consequence: paternity of the offspring. We begin briefly with an overview of aggregation of females and interactions between them. We then focus on male hierarchical status according to female aggregation, and continue with the behavioral strategies used by males to defend females. Finally, we assess the ecological consequences of monopolizing females and the evolutionary consequences of male coalitions.
HAREM GROUPS
Populations of A. jamaicensis are frequent residents of caves in Yucatan, Mexico (Arita and Vargas 1995) . Population density of A. jamaicensis in several caves of the area ranges from a few individuals (about 10-15 bats) to huge colonies (about 300 bats -Arita 1996) . Solution cavities are holes in the ceiling of a cave made by continuous dripping of groundwater. I have observed cavity diameters ranging from a few centimeters to 0.5 m. Inside caves, solution cavities are the most common roosting sites for A. jamaicensis. Solution cavities are not a limiting resource for bats inside caves, are a stable resource for the species, and promote a female-defense polygynous system because males defend females directly instead of defending the roosting site (Kunz et al. 1983; Ortega and Arita 1999) . In a comparison of several solution cavities, no microclimatic or topological differences were found between occupied and unoccupied roosting sites (Ortega and Arita 1999) . In addition, bats roosting inside solution cavities were found to move freely from 1 roosting site to another (Ortega and Arita 1999) . In other tropical regions where caves are scarce, availability and permanence of roosting sites (e.g., leaves and hollow trees) are lower. The observed instability of social groups in those areas may be due to the unpredictability of these roosting sites, which may not allow the development of a stable mating system
In our study area, females in caves formed harem groups with a moderate degree of stability. During a 2-year observational period (1999) (2000) , formation and disintegration of harem groups were observed, but the largest groups (14-20 females) were constant during the study (about 75%-Ortega and Arita 1999). Two new harem groups were formed during the observational period, and 1 group disappeared at the same time. Disintegration was common for the smallest groups (,14 females), whereas the largest groups remained stable during the study. The turnover within the harem groups was considered low because 83% of the females were integrated as permanent members in the largest harem groups, and only the remaining few changed their membership to another group. Incorporation of new female juveniles into the harem groups shows that females are not all of the same age, because adult females remain in the groups when juveniles arrive (Ortega et al. 2003) .
Females of different sizes composed harem groups. Females varied in size among the different harem groups, but all groups included juveniles (without ossified epiphyses and with gray coloration) and adult individuals (with completely ossified epiphyses and brown coloration) among their members. Forearm length ranged from 46 to 60 mm ( " X 53.73 mm 6 2.3 SE; Fig. 1 [Trune and Slobodchikoff 1978] , Desmodus rotundus [Wilkinson 1986 ], and Nycticeius humeralis [Wilkinson 1992] ). Also, females of different reproductive stages have been observed in the same harem groups at the same time in A. jamaicensis. Average relatedness among adult females in 10 harem groups was very low (R ¼ 0.014 6 0.011), showing that females from different sites share the same harem group (Ortega et al. 2003) . Reproductive females (with a young attached), nonreproductive females (adults without attached young), and juvenile females (defined above) have been observed sharing the same roosting site during the breeding season (Ortega and Maldonado 2006) . Perhaps females from different sizes and ages do not differ in roost preferences, and choosing a roosting site with particular requirements is a component of group formation.
Females showed different degrees of association within harem groups. Females that roosted in the deepest part of the solution cavities were always permanent members of the harem group and were mostly adults. Females that roosted on the edges of the solution cavities were juveniles and showed less permanence in the harem groups (Ortega and Maldonado 2006) . Females from the deepest part of the solution cavity frequently expelled juveniles from the roosting site during the nonbreeding season. Adult females perform grooming activities among themselves all the time and do not allow juveniles to perform them. Juveniles did not perform allogrooming activities and shifted solution cavities very often. During breeding seasons, aggression among females decreased and adult females were more tolerant of juveniles, which suggests a potential benefit of roosting together because these sites provide a suitable place for thermoregulation in newborns (Ortega and Maldonado 2006) .
HIERARCHY OF ADULT MALES
Males varied in hierarchical status according to their sizes and interaction with female groups. Male rankings are defined by the ability of males to stay close to the females during the breeding season (McCracken and Wilkinson 2000) . In polygynous systems, male associations are formed via mechanisms that allow 1 male to exclude other males from access to groups of females (Bradbury 1977) . Adult males of A. jamaicensis were classified in 3 categories according to their position in harem groups. Dominant males were always present in harem groups and resided inside solution cavities or within a radius of 20-30 cm from the center of the roosting site (Ortega and Arita 1999; Fig. 2) . They remained in the roosting site ;95% of the time and remained in the solution cavities even when the females were removed (Ortega and Arita 2002) . Subordinate males stayed inside of solution cavities, roosting in the center of the harem groups (Fig. 2) . They spent 90% of their time with the females (Ortega and Arita 1999) . However, when females were experimentally removed from the solution cavities subordinate males were less faithful to their original roosting site than were dominant males (Ortega and Arita 2002 ). An additional group, satellite males, was seen roosting outside of solution cavities on the ceiling and walls of the caves. They remained close to the harem groups only 7% of the observed time, and were rejected continuously from the solution cavities by the dominant males (Ortega and Arita 2000) .
Adult males varied in size according to their hierarchical status. Dominant males were the heaviest and had the largest forearm length of the 3 categories; satellite and subordinate males were smaller than dominant males, and showed juvenile morphological characteristics (Ortega and Arita 1999) . Overall, most adult males belonging to a harem remained as dominant or subordinate males for at least 2 breeding seasons. The disintegration of only 1 harem group was recorded, where a dominant male was never seen again in the roosting site. However, recruitment of satellite males changed with time. Almost one-third of satellite males left the caves every breeding season, and new satellite males from the surrounding harem groups replaced the ones that left (Ortega and Arita 1999) .
TOLERANCE OF EXTRA MALES
In some mammals, 1 or more males may defend a territory or group of females to gain access to mating opportunities (Clutton-Brock et al. 1998; Grinnell et al. 1995) . Sometimes an extra male is tolerated near females (Ortega and Arita 2000) . This does not impose costs to the dominant male, but rather provides a benefit (Davies and Houston 1984) , if coalitions of 2 or more males can defend larger groups of females than could single individuals. Large groups of female A. jamaicensis are defended by coalitions of 2 males that associate to protect females against intrusions by foreign males (Ortega and Arita 2002; Fig. 2) . In these coalitions, 1 of the males is dominant and obtains a larger number of copulations than the subordinate. In spite of this, it is still advantageous for the subordinate male to participate in the coalition because they obtain direct and immediate benefits (i.e., some copulations and sharing the paternity of the offspring) that they could not obtain as satellite males. Also, they may later take over as the dominant male (Ortega et al. 2003) .
Presence of a secondary male in harem groups has been reported for several bat species (C. perspicillata [Williams 1986 ] D. rotundus [DeNault and McFarlane 1995], and P.
FIG. 2.-Schematic illustration of interactions of adult male
Artibeus jamaicensis in harem groups of different sizes. Dominant males tolerate subordinate males in large harem groups and reject incursions by satellite males. In small groups, dominant males reject incursions by some satellite males, but some satellite males succeed in gaining access to females.
hastatus [Kunz et al. 1998 ]), but their role has not been elucidated. In the groups of A. jamaicensis, subordinate males roost with the large groups because they replace dominant males when absent. In the large groups, subordinate males moved to the position left by the missing dominant male within 2 h of the removal. The subordinate males spend almost 80% of the time defending their harem groups (Ortega and Arita 2002) . They should receive a predictable benefit from this substitution because they have direct access to the females. After the disappearance of the dominant male, subordinate males attain full control of the harem groups, and their presence is close to 90% of their roosting time (Ortega and Arita 2002) . The presence of subordinate males in large harem groups inhibits visits by intruders, thereby providing a direct benefit to dominant males. When subordinate males were absent from the harem groups (experimentally removed), satellite males increased their visits progressively, reaching their peak on the 3rd day (75% of increased visits). During this period, the number of agonistic displays performed by dominant males increased, and they could no longer effectively defend the female groups (Ortega and Arita 2002) . Groups containing .14 females are too large to be defended by a single male. Presence of 2 males in large harem groups decreased the number of visits performed by satellite males (Ortega and Arita 2000) . Experimental reduction in the number of females affected the time spent by subordinate males in the roosting site. They stayed less time with the remaining females and lost membership in their original harem group. However, loyalty of dominant males to the reduced harem groups did not change (Ortega and Arita 2002) .
Integration of related males into coalitions gives additional benefits to both males because a higher number of females can be monopolized and a higher reproductive output is achieved (Emlen 1997) . The relationship between dominant and subordinate males of A. jamaicensis can be described as a longterm relationship, because pairs have been observed roosting together for !2 years. Subordinate males are incorporated into the harem groups by being tolerating by adult males when young. Dominant males may tolerate related subordinate males when harem group size reaches the limit of their ability to defend the harem. Genetic analyses demonstrate that related adult males are present in the large harem groups of A. jamaicensis (Ortega et al. 2003) , and their presence correlated with a higher number of females in the harem (Ortega and Arita 2000) .
AGGRESSION BY DOMINANT MALES
In polygynous systems, high energetic costs are associated with the monopolization of several females by 1 male during the breeding season (Beekman et al. 2003) . In ephemeral roosting sites, a dominant male allocates energy in terms of frequent patrolling movements and short foraging flights to defend the site in a brief period of time, corresponding with the estrous period of the females (Morrison and Morrison 1981) . In Yucatan, caves are numerous and the environmental and topographical conditions are constant, allowing the development and maintenance of a female-defense-type polygynous system. Juveniles, adult females, and adult males of A. jamaicensis visit the harem groups in the solution cavities. Visitors typically arrive at the edge of the solution cavity, climbing with their thumbs and feet into the bottom of the cavity. Dominant males are always alert to these visits and respond to the arriving bat. They usually do not engage in boxing matches (rejecting competitors with stretched and contracted wings), but they perform wing flicks, engage in short chases, and attempt to bite the visitors. Chase and bite attempts constituted the most aggressive responses performed by dominant males. Agonistic responses were short, lasting ,1 min (Ortega and Arita 2000) .
Agonistic responses were directed to one particular kind of visitor-adult males-in the system of A. jamaicensis. Behavioral observations showed that the majority of visits by females were ignored by dominant males. In most cases, dominant males approached the visiting female but did not perform aggressive displays. In contrast, the majority of visits by adult males drew an agonistic response by the dominant males. Adult males were quickly expelled from the solution cavities, but they continued to visit different harem groups. In response to visits by juveniles, dominant males approached the intruder most of the time (65% of the time), but several of them were directly attacked (Ortega and Arita 2000) . Usually juveniles responded to the aggression by leaving the roosting site.
In the largest groups, where dominant and subordinate males were present, we did not observe any aggression among the subordinate males and the 2 males roosting inside the solution cavities. Subordinate males did not display any obvious agonistic behavior, but their presence in the large harem groups reduced the visits performed by satellite males (Ortega and Arita 2002) . In the absence of subordinate males, the rate of visitation by strange males and the number of agonistic displays by dominant males increased. When dominant males were absent from the group, subordinate males took control of the females and executed the behaviors observed in the dominant males (Ortega and Arita 2002) . In the small groups, satellite males visited the solution cavities often and agonistic displays by the dominant males were higher than in the large groups. In some cases, several satellite males visited small groups at the same time and dominant males could not respond effectively, allowing satellite males to roost together with the female groups (Ortega and Arita 2000) .
A significant interaction between the risk of loss of paternity (highest when the number of lactating females increases) and response by dominant males was observed (correlation analysis between number of lactating females with agonistic responses by dominant males, r ¼ 0.73, n ¼ 23 dominant males, P , 0.001; Fig. 3 ). During nonbreeding seasons only 5% of all visits by satellite males elicited an aggressive response by dominant males, whereas when most adult females were reproductively receptive, dominant males responded with an agonistic display in 45% of such visits (Ortega and Arita 2000) . Females are known to be receptive during lactation because a postpartum estrus has been reported for the species (Fleming 1971; Fleming et al. 1972) . During lactation, females clustered in compact groups without any sign of movement, with high group stability, and apparently keeping offspring warm (Ortega and Maldonado 2006) . Clustering behavior during the time when females are reproductively receptive allows males to monopolize female groups and have more control over visits by intruders.
PATERNITY AND KIN SELECTION
Monopolizing females is highly adaptive for males in that it can lead to paternity (Beekman et al. 2003) . The estimated paternity of dominant males of A. jamaicensis ranged between 33% and 83% in caves in Yucatan. Dominant males were responsible for most of the fertilizations in large harem groups (n ¼ 8 of 11 offspring sampled in large harems), and paternity of ;28% of young (n ¼ 3) was attributed to subordinate males (Ortega et al. 2003) . Because both dominant and subordinate males maintained their status for at least 2 breeding seasons, we assumed that they continued sharing paternity in harem groups. Dominant males from small groups shared paternity with satellite males, and in some cases, satellite males gained paternity of about 65% of the total number of offspring in small harems (Ortega et al. 2003) . Dominant males in large groups fathered 25% of the total sampled offspring. In the same groups, paternity was shared with subordinate males that sired 9.3% of the offspring. Dominant males in small groups sired 43.7% of the offspring sampled, but paternity was shared with satellite males (21.8%; Fig. 4) . Dominant males may increase indirect fitness benefits throughout the increased survival and productivity of young sired by related subordinate males. Many authors consider these indirect fitness benefits to be important, and they are basic in the evolution of cooperative mating systems (Emlen 1997) . A strong genetic component also can explain the coalition formed among males (Emlen 1997; Ligon 1991) . Subordinate and dominant males of A. jamaicensis were assigned to a father-offspring relationship with a 95% confidence interval (Ortega et al 2003) . Furthermore, all young captured in large harem groups could be assigned to either the dominant or subordinate males, indicating a strong kin benefit for both males. Conversely, in small harem groups we did not detect subordinate males. Here, male offspring do not remain in their natal roosting sites and never associate with dominant males. Perhaps male offspring are not allowed in small harem groups because of the smaller number of females (Ortega and Arita 2002) .
Kin selection is considered one of the main driving forces in the evolution of cooperative mating systems (Emlen and Oring 1995) . Cooperative breeding systems have been interpreted as subordinates providing help to the dominant males (Cockburn 1998) . In large harem groups of A. jamaicensis, male offspring remain in roosting sites and help dominant males monopolize females; kin discrimination could come by associative learning when young help their genetic fathers. In large harem groups, satellite males did not visit groups frequently, suggesting a role of subordinate males in controlling access of visitors to harem females. Subordinate males do not perform any obvious defensive behavior but can be considered as sentinels of the groups because their presence reduces visits of satellite males and decreases the defensive energetic cost for dominant males (Ortega and Arita 2000) . In some cooperative societies, association of subordinate males with breeding females can provide direct benefits to them (Clutton-Brock 1989; Komdeur 2006) . Young sired by subordinate males in large harem groups can be considered as a direct benefit to these males. Also, subordinate males move to full status when dominant males are removed from the roosting site (Ortega and Arita 2002) . Subordinate males moved from the center of the group to the FIG. 4.-Frequency of paternity by dominant (Dom.), subordinate (Subord.), and satellite (Sat.) males of Artibeus jamaicensis from 2 caves in Yucatan, Mexico, based on a total of 32 offspring sampled. Dominant males in large groups fathered 25% of sampled individuals, subordinate males in large groups fathered 9.3% of offspring, and dominant males in small groups fathered 43.7% of total newborns and shared paternity with satellite males, which fathered 21.8%.
edge of the roosting site and performed active defensive behaviors when the dominant male was absent.
CONCLUSIONS
We observed a stable dominant-subordinate coalition in the polygynous mating system of A. jamaicensis in caves in Yucatan, Mexico. Dominant males displayed defensive behaviors against intruders but tolerated the presence of related males. Cooperation among related males can evolve only if both males obtain some benefit. For dominant males, tolerating the presence of subordinate males is compensated by the benefits gained through the help granted by subordinate males in defending a larger group of females. For subordinate males, sharing females with another male is offset by having access to a larger number of females. The siring of young by both males has a kin selection component because inclusive fitness is implicit in the genetic relationship. Dominant males obtained direct fitness by siring their own offspring, and indirect fitness through the few offspring sired by related subordinate males.
RESUMEN
En cuevas de Yucatán, México, colonias de Artibeus jamaicensis forman grupos de harén de 4 a 20 hembras con un macho dominante asociado a los grupos pequeños (menos de 14 hembras) y con dos machos, un dominante y un subordinado, en los grandes grupos (más de 14 hembras). Los machos dominantes realizan una conducta de defensa dirigida contra los machos satélites cuando éstos tratan de introducirse a los grupos de harén. Los grupos pequeños recibieron una gran cantidad de visitas de los machos satélites, y los machos dominantes de los mismos no tuvieron un control absoluto de las hembras. Durante la época de apareamiento, las hembras percharon en grupos compactos y los machos dominantes fueron más activos en su actividad de defensa. Los machos subordinados fueron bien tolerados dentro de los grupos de harén y su presencia redujo significativamente las visitas realizadas por los machos satélites, reduciendo con esto la energía gastada por los machos dominantes en la defensa. Las crías en los grandes grupos fueron concebidas por ambos machos (dominantes y subordinados), lo cual trae un beneficio mutuo debido a que están emparentados genéticamente. Los machos dominantes tuvieron la más alta adecuación en los grupos, ya que comparten la paternidad con machos que son parientes y porque expulsan eficientemente a los intrusos.
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